Introduction
Diabetes mellitus is chronic metabolic disorders that affect human body in terms of physical, psychological and social health. It is defined as a group of disorders characterized by hyperglycemia, altered metabolism of lipids, carbohydrates and proteins [1, 2] . It is becoming the third "killer" of the health of mankind along with cancer, cardiovascular and cerebrovascular diseases [3] . The prevalence of diabetes mellitus is expected to reach up to 4 .4 % in 2030, and the occurrence was found to be high in India, China, and USA. Historical accounts reveal that as early as 200 BC, diabetes mellitus was well recognized disease in India even as distinguished in two types: a genetically based disorder and a dietary related disorder [4] . Among all the cases of diabetes, type 2 diabetes was found to be more prevelent [5] . The pernicious effects of diabetes have been found to be mediated through oxidative stress. Oxidative stress is associated with increased production of reactive oxygen species and impaired antioxidant defense systems, which cause lipid peroxidation, alteration in antioxidant enzymes and impaired glutathione metabolism [6] . The increased production and ineffective scavenging of reactive oxygen species may play a critical role in diabetese mellitus. Disturbance of antioxidants defence system in diabetes is mainly because of alteration in antioxidant enzymes, impaired glutathione metabolism, and decreased ascorbic acid levels [7, 8] . The principal diagnostic feature of diabetes mellitus is elevated blood glucose level, which leads to increased formation and accumulation of advanced glycation products (AGEs) and sorbitol concentration, which play an important role in diabetic complications, such as retinopathy, neuropathy, and renal dysfunction [9] .
Knowledge about diabetes mellitus existed in ancient Egypt and Greece. The word "diabetes" is derived from the Greek word "Diab" (meaning to pass through, referring to the cycle of heavy thirst and frequent urination); "mellitus" is the Latin word for "sweetened with honey" (refers to the presence of sugar in the urine) [2] . According Medicinal plants play an important role in the treatment of diabetes mellitus, especially in the developing countries due to their cost effectiveness. Diabetes mellitus, a metabolic disorder, is becoming a serious threat to mankind health. The prevalence of diabetes mellitus is expected to reach up to 4.4% in the world by 2030 . Among all type of diabetes, type 2 diabetes is main complication. Currently available treatment options in modern medicine have several adverse effects. Therefore, there is a need to develop safe and effective treatment modalities for diabetes. In this regard, plants provide the best option for search of desired safe and effective medications. Since ancient times, plants have been an exemplary source of medicine. Various plants have been found to possess significant anti-diabetic property after their preclinical and clinical evaluation. This present review presents the profiles of plants with hypoglycaemic properties reported in the literature from 2009 to 2011 . Use of these plants may delay the development of diabetic complications and can correct the metabolic abnormalities through variety of mechanisms. Moreover, during the past few years many phytoconstituents responsible for anti-diabetic effects have been isolated from plants. Since this review has been presented in a very interactive manner showing geographical region of availability, parts of plant used, mechanism of action and phytoconstituents responsible for particular action, it will be of great importance to intrested readers to easily identify and go for further research on the plant of their interest.
Contents lists available at ScienceDirect over the body, such as in sweat, mucus, breath, and blood. It was recommended that the low carbohydrate diet and almost total withdrawal of animal fats should be taken by the patients suffering from Madhumeha, whereas obese adults should live on low calorie diet. There are two types of Diabetes mellitus: Type 1, "Juvenile diabetes mellitus" (Insulin dependent diabetes mellitus), which is hereditary and is treated by insulin, and Type 2, "Adult type" (Noninsulin dependent diabetes mellitus), which occurs in elderly people and is treated by controlling the diet and oral hypoglycemic drugs [2] . The drugs which lower the blood sugar level or treat the symptoms of diabetes mellitus are known as hypoglycemic drugs. It can be categorized into insulin and insulin preparation, which are employed only parenterally, and oral hypoglycemic drug which can be administered orally [2] .
Plants have always been a good source of drugs. The ethnobotanical information reports about 800 plants that may possess anti-diabetic potential [4, 10] . The beneficial uses of medicinal plants in traditional system of medicine of many cultures are extensively documented. Several plants have been used as dietary adjuvant and in treating the number of diseases even without any knowledge on their proper functions and constituents. This practice may be attributed to the uncompromised cost and side effects of synthetic hypoglycemic agents [5] . Although numerous synthetic drugs were developed for the treatment of diabetes mellitus but the safe and effective treatment paradigm is yet to be achieved. Medicinal foods are prescribed widely even when their biologically active compounds are unknown, because of their safety, effectiveness, and availability [6] . In India, indigenous remedies have been used for the treatment of diabetes mellitus since the time of Charaka and Sushruta [4] . The World Health Organization (WHO) has recommended the evaluation of traditional plant treatments for diabetes as they are effective, non-toxic, with less or no side effects and are considered to be excellent candidates for oral therapy [11] . Animal models of diabetes are of great importance in understanding the pathophysiology and deciding treatment strategy of diabetes. Diabetes mellitus can be induced by pharmacological, surgical or genetic manipulations in several animal species. Most experiments in diabetes are carried out on rodents, although some studies are still performed in larger animals [12] . The aim of the present review is to focus on the role of traditional therapeutics and natural medicines from traditional medicinal system for the treatment of diabetes mellitus. The hypoglycemic effect of several plants used as anti-diabetic remedies has been confirmed, and the mechanisms of hypoglycemic activity of these plants are still in progress. New natural products reported from 2009 to 2011 with anti-diabetic potential tested in the streptozotocine induced diabetic rats, which have potent medicinal activities with diverse structures, have been reviewed here.
Mechanism of action of anti-diabetic drug
The aim of the treatment of diabetes is to reduce the blood glucose level. Anti-diabetic drug can act in different ways such as stimulation of beta-cell of pancreatic islet to release insulin, to resist the hormones which rise blood glucose, icrease the number and sensitivity of insulin receptors, increase the glycogen content, enhance the use of organ glucose in the tissue, free radicals scavenging, resist lipid peroxidation, correct the metabolic disorder of lipid and protein and promote microcirculation in the body [13] . Free radicals damage cellular molecules, DNA, proteins and lipids leading to altered cellular functions and antioxidants level [14] . Proteins such as elastin, laminin, and collagen are the major targets of free radicals in the diabetic patients. Due to high level of sugar in the body, these proteins are modified and converted to glycoproteins. Modifications of proteins present in lens, vascular wall and basement membranes are associated with the development of diabetes complications such as cataracts, microangiopathy, atherosclerosis and nephropathy. In diabetes mellitus, there are also multiple abnormalities in very low density lipoprotein (VLDL), low density lipoprotein (LDL), and high density lipoprotein (HDL) . Lipid peroxidation and AGEs are formed by non-enzymatic glycosylation of proteins. AGEs tend to accumulate in tissues and cause abnormalities in cell and tissue functions. In addition, AGEs also bind to specific macrophage receptors and change vascular permeability. In nucleic acids and histones, AGEs cause mutations and altere gene expression [15] . There are different classes of anti-diabetic drugs available in the market which exert their effect in different ways. e.g., sulfonylureas and meglitinides stimulate beta cells in the pancreas to produce more insulin, thiazolidinediones increase the sensitivity of muscles and other tissues to insulin, biguanides decrease gluconeogenesis in the liver and alpha-glucosidase inhibitors delay the absorption of carbohydrates from the gastrointestinal tract [16] . During the normal digestion process, the body turns the carbohydrate into glucose which is utilised by the tissue in the presence of insulin. However, in diabetic, due to inadequate insulin secretion and action, glucose accumulates in the blood and causes secondary complication [2] .
There are various types of phytoconstituent present in the plant material belonging to different chemical classes. Phytoconstituents like alkaloids inhibit alpha-glucosidase and decrease glucose transport through the intestinal epithelium. Imidazoline compounds stimulate insulin secretion in a glucose-dependent manner. Polysaccharides increase the level of serum insulin, reduce the blood glucose level and enhance tolerance to glucose. Flavonoids suppress the glucose level, reduce plasma cholesterol and triglycerides significantly and increase hepatic glucokinase activity probably by enhancing the insulin release from pancreatic islets. Dietary fibers effectively adsorbes glucose, retard glucose diffusion and inhibit the activity of alphaamylase and may be responsible for decreasing the rate of glucose absorption and concentration of postprandial serum glucose. Saponin stimulates the release of insulin and blocks the formation of glucose in the bloodstream and ferulic acid stimulate insulin secretion [17] .
Oral hypoglycemice agents for treatment of diabetes mellitus
Non-insulin dependent diabetes mellitus is becoming a major health problem in developing countries due to modernization of lifestyle. If diet and exercise does not work properly, then oral anti-diabetic medication should be prescribed to the patients. Based on the mechanism, antidiabetic drug can be mainly divided into insulin, insulinsecretagogues, insulin sensitivity improvement factor, insulin-like growth factor, aldose reductase inhibitor, alpha-glucosidase inhibitors and protein glycation inhibitor [13] . Insulin and various oral anti-diabetic agents such as sulfonylureas, biguanides, alpha-glucosidase inhibitors, and glinides are the olny option available for the management of diabetes mellitus. They can be used in the form of monotherapy or in combination with other drugs to get better results. In some cases of diabetes, aldose reductase inhibitor has also been used. Sulfonylureas, biguanide, alpha glucosidase inhibitors, aldose reductase inhibitor, thiazolidinediones, carbamoylmethyl benzoic acid, insulin-like growth factor are the main class of the available anti-diabetic drug [13] . Medicinal plants, since immemorial times, have been used in virtually all cultures as a source of medicine. However, the hypoglycemic effects of some herbal extracts have been confirmed in human and animal models of type 2 diabetes. Metformin, a less toxic biguanides and potent oral glucose-lowering agent, was developed from Galega officianalis and used to treat diabetes. Out of dozens of oral medications for diabetes, only one medication (metformin) is approved for use in children and it has been originated from a herb [16] .
Herbal remedies for treatment of diabetes mellitus
Plants are used by people since very early time for food, cloths and eventhough as a source of medicine. Plants derived products have been popular all over the world for the centuries. Some herbs have beta-cells regeneration stimulating power. In addition to maintaining normal blood sugar level, some herbs are also reported to possess antioxidant activity, cholesterol-lowering action and restore the liver glycogen level. Tribal and other people of different countries used different type of plants for the treatment of diabetes [16] . The ethnobotanical information reports about 800 plants that may possess anti-diabetic potential and more than 1200 species of plants have been screened for activity on the basis of ethnopharmacology or on random basis. Herbal anti-diabetic drug mainly belongs to plant, marine algae and fungi to phytogenetically advanced classes of compounds [2] . Medicinal plants that are the most effective and the most commonly studied in relation to diabetes and its complications are Gentiana olivieri, Bauhinia forficata, Eugenia jambolana, Lactuca indica, Mucuna pruriens, Tinospora cordifolia, Momordica charantia, Aporosa lindleyana, Myrtus communis and Terminalia pallida. These plant materials show varying range of anti-diabetic activity.
Among these medicinal herbs, Momordica charantia, Pterocarpus marsupium, Trigonella foenum greacum have been reported to be beneficial in the treatment of type 2 diabetes [10] . Most of plants contain glycosides, alkaloids, terpenoids, flavonoids, cartenoids, etc., which are frequently implicated for having anti-diabetic effect [18] . Though natural polymers like guar gum, gumacacia and gum arabic have ability to reduce the calorific value of consumed diet by reducing absorption of carbohydrates from the gastrointestinal tract yet in modern allopathic medicine, they were found to have limited use [3] .
Pharmacologically tested anti-diabetic plant materials in steptozotocin induced diabetic animal model

Afzelia africana (Fabaceae)
The aqueous extract of stem bark of Afzelia africana in diabetic rats at 100 or 200 mg/kg, p.o. dose level for 10 days treatment, significantly reduced the blood glucose levels while the best result was obtained at 200 mg/kg, p.o., signifying its antidiabetic potential [19] .
Allium cepa (Liliaceae)
The essential oil of Allium cepa in diabetic rats at 100 mg/kg, p.o. for 21 days treatment, significantly decreased the serum lipids, lipid peroxide formation, blood glucose and increased serum insulin level. From the obtained result, it was found that the mode of action of Allium cepa as antidiabetic may be due to the antioxidant properties of its essential oil components, which signified its anti-diabetic and antihyperlipidaemic activity [20] .
Amaranthus caudatus (Amaranthaceae)
The methanol extracts of leaves of Amaranthus caudatus in diabetic rats at a dose of 200 and 400 mg/kg p.o. for 21 d significantly decreased the blood glucose, total cholesterol (TC), triglyceride (TG), LDL and VLDL, but increased HDL level, signifying its antidiabetic activity. Further similar effect was also observed in Amaranthus spinosus and Amaranthus viridis methanolic extract in the diabetic rats [21] .
Andrographis lineata (Acanthaceae)
The methanol and aqueous extracts of Andrographis lineata in diabetic rats at 400 mg/kg, p.o. for 15 days treatment, significantly reduced blood glucose, TC, LDL, VLDL level and an increase in HDL compared to the control group which signified its anti-diabetic and antihyperlipidaemic activity [22] .
Annona squamosa (Annonaceae)
The ethanolic extract of Annona squamosa leaves in diabetic rats at 100 mg/kg, p.o. for 30 days treatment, significantly reduced the levels of blood glucose, glycosylated hemoglobin, urea and creatinine. The efficacy of the Annona squamosa extract was comparable with gliclazide and the results showed that this plant has a significant anti-diabetic potential [23] .
Artocarpus heterophyllus (Moraceae)
The ethanol extracts of Artocarpus heterophyllus in diabetic rats at a dose level of 400 mg/kg p. o. significantly reduced the blood glucose level, which revealed that the Artocarpus heterophyllus extract has significant anti-hyperglycaemic activity [24] .
Asystasia gangetica (Acanthaceae)
The effect of ethanolic extract of Asystasia gangetica in diabetic rats at dose levels of 100 and 200 mg/kg, p.o. for 28 days treatment, significantly decreased blood glucose, glycosylated haemoglobin (HbA1C), TC, TG, LDL, VLDL, elevated haemoglobin and HDL levels. Further it increases the levels of superoxide dismutase (SOD), catalase (CAT), reduces glutathione (GSH), glutathione reductase (GR), glutathione peroxidase (GPx) and glucose-6-phosphate dehydrogenase (G-6-PDH) and decreases lipid peroxidation (thiobarbituric acid reactive substances). From the obtained result, it was found that Asystasia gangetica had significant anti-diabetic and antioxidant activity [25] .
Boerhaavia diffusa (Nyctaginaceae)
The anti-diabetic activity of ethanolic root extract of Boerhaavia diffusa in diabetic rats at 100 and 200 mg/kg, p.o. dose level for 15 days treatment, significantly reduced the blood glucose, TG, LDL, TC level but increased HDL and serum transaminase such as serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT), and serum alkaline phosphatase (SALP) activity which signified its anti-diabetic potentia [26] .
Berberis vulgaris (Berberidaceae)
The saponins and aqueous extract of Berberis vulgaris at 62.5 and 25.0 mg/kg, p.o. respectively in diabetic rats for 21 days significantly decreased the blood glucose level. Both extract also restored other indicators, signifying its antidiabetic activity [27] .
Brassica juncea (Brassicaceae)
The aqueous extract of Brassica juncea seeds in diabetic rats at a dose of 250, 350 and 450 mg/kg p.o. significantly reduced the blood glucose level. Further its showed insulinomimetic activity in the tested group, signifying its antidiabetic potential [28] .
Caesalpinia bonduc (Fabaceae)
The hydro-methanolic extract of seed of Caesalpinia bonduc in diabetic rats significantly reduced the blood glucose level. Further, it also restored the different enzyme levels in the treated group. Thus, the present study reaveld that Caesalpinia bonduc have a significant anti-diabetic potential [29] .
Caesalpinia digyna (Caesalpiniaceae)
The anti-diabetic activity of methanolic extract of Caesalpinia digyna in diabetic rats at 250 and 500 mg/kg, p.o. for 15 days treatment, significantly reduces blool glucose, TC, LDL and TG but increased HDL level. From these data, we can conclude that methanolic extract of Caesalpinia digyna has significant anti-diabetic and hypolipidemic potentials [30] .
Cassia auriculata (Leguminosae)
The aqueous leaf extract of Cassia auriculata in diabetic rats at 400 mg/kg, p.o. for 15 days treatment, significantly reduced the fasting blood glucose, plasma insulin, hepatic hexokinase and phosphofructokinase and C-peptide level. Further, it increased the number of islets and beta cells significantly but suppressed glucose-6-phosphatase and fructose-1,6-bisphosphatase activity. From the obtained result, it was found that the plants have anti-diabetic activity which probably due to pancreatic as well as extrapancreatic action [31] .
Cassia glauca (Caesalpiniaceae)
The different solvent extracts of Cassia glauca in diabetic rats at 100 mg/kg p.o. were investigated. The acetone extract of Cassia glauca was found to lower the serum glucose level significantly compared to the other fraction. From the result, it was found that acetone fractions had significant anti-diabetic activity [32] . In another study, the aqueous extract of leaves and bark of Cassia glauca in diabetic rats at 500 mg/kg, p.o. for 21 days treatment, significantly increased the liver glycogen, serum insulin, and HDL level and decreased the fasting blood glucose, glycosylated haemoglobin, TC, and serum TG. From the result, it was found that Cassia glauca extract had significant antidiabetic and hypolipidemic activity [33] .
Cassia siamea (Fabaceae)
The methanolic extract of Cassia siamea leaves in diabetic rats at 250 and 500 mg/kg for 3 weeks significantly decreased the blood glucose, TC, TG level but increased the HDL level, signifying its antidiabetic potential [34] .
Cinnamomum zeylanicum (Lauraceae)
The aqueous extract of Cinnamomum zeylanicum in diabetic rats at a dose of 30 mg/kg, p.o. for 21 days treatment, significantly reduced the hyperglycemia and nephropathy. Further, it has upregulation of uncoupling protein-1 and glucose transporter 4 in the brown adipose tissues and muscles, which signified its anti-diabetic potential [35] .
Cleome aspera (Capparaceae)
The methanolic extract of whole plant of Cleome aspera in diabetic rats at a dose level of 400 mg/kg, p.o. significantly reduced the blood glucose levels, which signified its antidiabetic potential [36] .
Clitoria ternatea (Fabaceae)
The aqueous extract of Sankhu pushpam (Clitoria ternatea) in diabetic rats at 100 mg/kg, p.o. for 14 days treatment significantly reduced the blood glucose level, which signified its anti-diabetic potential [37] .
Coccinia indica (Cucurbitaceae)
The hydro-alcoholic chronic administration of Coccinia indica fruit extracts in diabetic rats at 200 mg/kg, p.o. for 14 days treatment, significantly reduced the blood glucose level, which signified its anti-diabetic potential. Further effect was compared with the standard anti-diabetic drug glibenclamide [38] .
Cucumis sativus (Cucurbitaceae)
The ethanol extracts of fruit of Cucumis sativus in diabetic rats at 200 and 400 mg/kg p.o. significantly lowered the elevated blood glucose, cholesterol and LDL level, which signified its anti-diabetic potential. Further 400 mg/kg p.o. was found to be more significant compare to other tested dose [39] .
Decalepis root (Asclepiadaceae)
The Decalepis root extract in the diabetic rats significantly reduced the blood glucose level. Further it also restored the antioxidant level in the body, signified its anti-diabetic and antioxidant activity [40] .
Diospyros peregrina (Ebenaceae)
The methanol extract of Diospyros peregrina in diabetic rats at 150 and 300 mg/kg p.o. significantly decreased the blood glucose level whereas activities of SOD, CAT, and GSH were found to be increased in a dose dependent manner, signified its anti-diabetic potential. Further 300 mg/kg p.o. was found to be more effective compared to other tested dose and almost comparable to that of standard glibenclamide [41] . In another study, the extract of Diospyros peregrina in diabetic rats at the dose levels of 50 and 100 mg/kg, p.o. for 28 days treatment, significantly decreased the blood glucose level in a dose dependent manner. Furthe the activities of SOD, CAT, and GSH were found to be increased in extract treated diabetic rats compared to the normal group [6] .
Dodonaea viscosa (Sapindaceae)
The water extract and polar fraction of ethanol extract of Dodonaea viscosa in diabetic rats at 400 mg/kg for 15 days treatment, significantly reduced blood glucose level. Further altered levels of lipids, thiobarbituric acid reactive substances (TBARS), and non-enzymatic and enzymatic antioxidants were restored in the extract treated group. From the obtained result, it was found that Dodonaea viscosa had a significant anti-diabetic potential [42] .
Enicostemma littorale (Gentianaceae)
The aqueous extract of Enicostemma littorale in diabetic rats at 1 g/kg, p.o. for 3 weeks significantly decreased the blood glucose, serum urea and creatinine level. Further histology of glomerular function suggested its nephroprotective activity [43] .
Eucalyptus globules (Myrtaceae)
The alcoholic extract of Eucalyptus globules in diabetic rats at 0.05, 0.10, 0.20 and 0.40 g/kg, p.o for 21 days treatment, significantly decreased the serum glucose levels. Further it increased serum insulin level in a dose dependent manner, which signified its anti-diabetic activity [44] .
Holarrhena antidysenterica (Apocynaceae)
The methanolic extract of Holarrhena antidysenterica seeds in diabetic rats at 250 mg/kg, p.o. for 18 days treatment, significantly decreased the blood glucose, TC, TG levels and increased liver glycogen, which signified its antidiabetic potential [45] .
Hybanthus enneaspermus (Violaceae)
The alcoholic extract of Hybanthus enneaspermus in diabetic rats at a dose of 125, 250 and 500 mg/kg p.o. for 21 d significantly decreased the blood glucose level, which signified its antidiabetic potential [1] .
Hypericum perforatum (Hypericaceae)
The ethyl acetate extract of Hypericum perforatum in diabetic rats at 50, 100 and 200 mg/kg doses for 15 d significantly decreased the blood glucose, TC, TG, glucose-6-phosphatase levels. Further it increased the tissue glycogen content, HDL and G-6-PDH, which signified its antidiabeti activity [46] .
Lawsonia inermis (Lythraceae)
The ethanolic extract of Lawsonia inermis in diabetic rats at 150, 300 and 500 mg/kg, p.o. dose level for 28 days treatment, significantly decreased the blood glucose level and increased body weight, which signified its anti-diabetic potential [47] .
Leonotis leonurus (Lamiaceae)
The aqueous extract of Leonotis leonurus leaves in diabetic rats at 125, 250 and 500 mg/kg, p.o. for 15 days treatment, significantly reduced the blood glucose and LDL but increased HDL level, which signified its anti-diabetic potential [48] .
Litsea coreana (Lauraceae)
The total flavonoids of Litsea coreana leves in diabetic rats at 400 mg/kg, p.o. for 6 weeks, significantly increased insulin sensitivity, serum HDL cholesterol level and SOD activities. Further it decreased body weight, serum free fatty acids, TC, TG, LDL cholesterol, C-reactive protein and malondialdehyde content. It also attenuated pathologic alterations in liver and pancreatic islet. These results suggested that total flavonoids of Litsea coreana could ameliorate hyperglycemia, hyperlipoidemia, inflammation and oxidation stress, as well as insulin resistance of type 2 diabetes [49 ] .
Madhuca longifolia (Sapotaceae)
The methanolic extract of Madhuca longifolia bark in diabetic rats at 100 and 200 mg/kg, p.o. dose level for 21 days treatment, significantly reduced the blood glucose level in a dose depebdant manner, which signified its anti-diabetic activity [50] .
Morus rubra (Moraceae)
The aqueous leaf extract of Morus rubra in diabetic rats at 100, 200 and 400 mg/kg, p.o. for 21 days treatment, showed a dose-dependent reduction of fasting blood glucose. Further 400 mg/kg (p.o.) treated group showed significant reduction in glycosylated haemoglobin with a concomitant elevation in plasma insulin and C-peptide levels. However, the altered serum lipids in the treated group were also restored significantly. The activity of antioxidant enzymes and content of reduced glutathione in erythrocytes and in liver were found to be significantly increased, while serum and hepatic lipid peroxides were suppressed. The results revealed that it had significant anti-diabetic and antioxidant activity [51] .
Nyctanthes arbor-tristis (Oleaceae)
The ethanol extract of Nyctanthes arbor-tristis in diabetic rats at the dose levels of 250 and 500 mg/kg, p.o. dose level, significantly reduced the blood glucose level in a dose-dependent manner which signified its anti-diabetic activity [52] .
Olea europaea (Oleaceae)
The alcohol extract of Olea europaea leaves in diabetic rats at 0.10, 0.25 and 0.50 g/kg, p.o. dose level for 14 days treatment, significantly decreased the serum glucose, TC, TG, urea, uric acid, creatinine, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) while it increased the serum insulin level. From the result, it was found that the anti-diabetic effect of the extract was more effective than the standard glibenclamide [53] .
Otostegia persica (Lamiaceae)
The alcoholic extract of Otostegia persica in diabetic rats at 200, 350 and 500 mg/kg, p.o. dose level for 3 weeks, significantly decreased the blood glucose level, which signified its anti-diabetic potetial [54] .
Phlomis persica (Lamiaceae)
The methanol extract of the aerial parts of Phlomis persica in diabetic rats at dose levels of 100 and 200 mg/kg, p.o. for 10 days treatment, significantly reduced the fasting blood glucose and increased serum insulin levels. Furthermore, hepatic transporter associated protein (TAP), SOD, CAT, and GPx increased and TBARS decreased in the treated group. The result showed that it had anti-diabetic and antioxidant activity [55] .
Punica granatum (Lythraceae)
The hydro-alcoholic extract of Punica granatum peels in diabetic rats at a dose of 400 mg/kg, p.o. dose level for 2 weeks, significantly decreased the plasma glucose and lipid indicator, which signified its anti-diabetic potential [56] .
Rhus coriaria (Anacardiaceae)
The ethanolic extract of Rhus coriaria in diabetic rat at 200 and 400 mg/kg, p.o. dose level for 21 days treatment, showed significant reduction in the blood glucose and LDL level but enhancement of HDL level, which signified its anti-diabetic potential [57] .
Rosa canina (Rosaceae)
The ethanol extract of Rosa canina fruits in diabetic rats at 250 mg/kg, p.o. for 7 days treatment, possessed a remarkable hypoglycemic activity. Further, chloroform, ethyl acetate, butanol and aqueous extract of Rosa canina were also tested in the diabetic rats and the results showed that aqueous extract possessed significant anti-diabetic activity compared to the other extract [58] .
Salmalia malabarica (Bombacaceae)
The hydro-methanolic (2:3, v/v) extract of the sepals of Salmalia malabarica in diabetic rats significantly decreased the blood glucose level. Further it decreased the level of CAT and peroxidase were decreased the levels of conjugated diene and TBARS in a significant manner. Moreover, it also restored the serum SGOT, SGPT and glycated haemoglobin level, which signified its anti-diabetic activity [59] .
Sansevieria roxburghiana (Ruscaceae)
The hydroalcoholic extract of Sansevieria roxburghiana rhizome in diabetic rats at 50 and 100 mg/kg, p.o. for 15 days treatment, significantly reduced the blood glucose level in a dose dependent manner. Further it restored the serum biochemical indicators, decreased lipid peroxidation and recovered GSH and CAT. From the result, it was found that Sansevieria roxburghiana had remarkable anti-diabetic activity [60] .
Stachytarpheta indica (Verbenaceace)
The ethanolic extract of Stachytarpheta indica in diabetic rats at 300 mg/kg and 600 mg/kg, p.o. for 15 days treatment, significantly rduced the blood glucose level, which signified its anti hyperglycemic potential [61] .
Swietenia macrophylla (Meliaceae)
The methanolic extract of the seeds of Swietenia macrophylla in diabetic rats at of 200 and 300 mg/kg, p.o. for 12 days treatment, significantly reduced the blood glucose, TC, TG level and elevation of liver glycogen level compared to the control group, which signified its anti-diabetic potential [62] .
Symplocos cochinchinensis (Symplocaceae)
The hexane extract of Symplocos cochinchinensis leaves in high fat diet-low streptozotocin induced type 2 diabetic rats at 250 and 500 mg/kg, p.o. for 28 days treatment, significantly reduced the plasma insulin, plasma and hepatic TC, TG and free fatty acids and significantly increased liver glycogen, justifying its traditional anti-diabetic usage [63] .
Syzygium cumini (Myrtaceae)
The petroleum ether, chloroform, acetone, methanol, and water extracts of Syzygium cumini in diabetic rats at 100 mg/kg, p.o. for 21 days treatment, significantly decreased the fasting blood sugar. Moreover, among all the extracts, methanol extract was found to be most active [64] .
Tapinanthus bangwensis (Loranthaceae)
The aqueous extract of Tapinanthus bangwensis in diabetic rats at 500 mg/kg, p.o. for 14 days treatment, significantly reduced the blood glucose levels, which signified its antidiabetic potential [65] .
Terminalia bellerica (Combretaceae)
The hexane, ethyl acetate and methanol crude extracts of Terminalia bellerica fruits in diabetic rats at the dose levels of 200, 300 and 300 mg/kg, p.o. for 60 days treatment, significantly increased the plasma insulin and C-peptide level. Further the plant extracts significantly increased body weight and serum total protein and significantly decreased the serum levels of TC, TG, LDL cholesterol, urea, uric acid and creatinine in diabetic rats. Moreover, among all the tested extracts, methanol crude extracts of Terminalia bellerica was found to be most effective [66] .
Terminalia superba (Combretaceae)
The methanol/methylene chloride extract of Terminalia superba leaves in diabetic rats at 200, 400 mg/kg p.o for 2 weeks significantly decreased the fasting blood glucose levels and reduced polyphagia, polydipsia and increased body weight in the treated group, which signified its antidiabetic potential [67] .
Thespesia populnea (Malvaceae)
The ethanolic extract of the plant bark and leaf of Thespesia populnea in diabetic rats were evaluated for anti-diabetic activity and the results showed that both the ethanolic extract possesed anti-diabetic effect [68] .
Tinospora cordifolia (Menispermaceae)
The hexane, ethyl acetate and methanol extract of Tinospora cordifolia stem in diabetic rats at 250 mg/kg, p.o. for 100 days treatment, significantly reduced the blood glucose level. Moreover, this supplementation significantly decreased the glycosylated hemoglobin level, reduced glucokinase and increased glucose-6-phoaphatase activity. Further, it also increased the insulin and C-peptide level which shows the regeneration of beta-cell power of the tested extract.
However, among all the tested extracts, supplementation of methanol extract showed more significant result compared to the others [69] .
Discussion
Diabetes mellitus is a disorder of carbohyderate, fat and protein metabolism mainly caused due to attenuate production of insulin or its inhibitory action. Before there was no synthetic drugs, natural cure was used and they can still be used today. Diabetes is a metabolic disorder which can be considered as a major cause of high economic loss. Moreover, uncontrolled diabetes leads to many chronic complications such as blindness, heart failure, and renal failure. In order to prevent this alarming health problem, the research and development of new hypoglycaemic and potentially anti-diabetic agents are of great importance.
This review discusses the drugs of plant origin which have shown significant hypoglycemic activity, even in some cases with good potency. There is an increasing demand by patients to use the natural products with anti-diabetic activity [70] . Herbal therapy has been used to treat various types of disease including diabetes all over the world successfully [71] [72] [73] . From the scientific research, it was found that several plant species have proven efficacy to reduce the sugar level. By screening of anti-diabetic drugs, a large number of plant materials including phytoconstituents were found to possess potent anti-diabetic activity [16] . In this review, a listing of data on medicinal plants used in the treatment of diabetes has been presented. Table 1 contains list of anti-diabetic plants according to the origin of the country [16] , Table 2 shows the list of plants according to the part used [3] , Table 3 shows plant list based on its mode of action [17] , Table 4 shows plants according to the chemical classes, and Table 5 shows active phytoconstituents having anti-diabetic potential [10] .
There are several plant materials belonging to different families used to treat diabetes, and the families of plants with the most potent hypoglycaemic effects include Leguminoseae, Lamiaceae, Liliaceae, Cucurbitaceae, Asteraceae, Moraceae, Rosaceae, Euphorbiaceae and Araliaceae [71] . Oral glucose tolerance test, streptozotocinand alloxan-induced diabetic mouse or rat models, and sometimes hereditary diabetic mice like KK Ay mice which are a model of type II diabetes with hyperinsulinemia, were used for the screening of anti-diabetic drugs [71, 74, 75] . Various types of mechanism of actions have been proposed for the anti-diabetic activity of these plant materials. Some are related to synthesis, release, cell regeneration of pancreatic ss cells or the increase in the protective effect against insulinase and the increase of the insulin sensitivity or the insulin-like activity of the plant extracts. Other mechanisms may involve improved glucose homeostasis such as increase of peripheral utilization of glucose, increase of synthesis of hepatic glycogen or decrease of glycogenolysis acting on enzymes, inhibition of intestinal glucose absorption, reduction of glycaemic index of carbohydrates, and reduction of the effect of glutathione [71] . In this review, natural products containing terpenoids, alkaloids, flavonoids, phenolics, and some other categories have shown anti-diabetic potential. Additionally, some flavonoids and polyphenols as well as sugar derivatives are found to be effective against the inhibitory activities of alpha-glucosidase and aldose reductase. Most of the plant extracts exhibiting hypoglycemic, hypolipidemic, and antioxidant effects in animals may be helpful to treat diabetes and associated complications in human [10] . Therefore, much effort should be focused on assessing natural products and herbal plants for the discovery of potentially useful alpha-glucosidase inhibitors and aldose reductase inhibitors or other treatment approaches to diabetes [10] . Out of an estimated 250 000 higher plants, less than 1 % have been screened pharmacologically in regard to diabetic mellitus. Momordica charantia and Eugenia jambolana are very effective in controlling glucose levels in chemically induced mild to severe model of diabetes mellitus in rodents and seem to work by stimulating kinases involved in peripheral utilization of glucose. Although all these plants have shown varying degree of hypoglycemic and anti-hyperglycemic activity, not all were effective in severe experimental diabetes and its related complications [4] .
In conclusion, this paper has presented a list of anti- More investigations must be comducted to evaluate the mechanism of action of medicinal plants with anti-diabetic effect. Consequently, it is necessary to perform toxicological investigation of all plants empirically used in order to avoid the risk of the side effects related to phytotherapy. This review has been presented in a very interactive manner showing geographical region of availability, parts of plant used, mechanism of action and phytoconstituents responsible for particular action; thereby, it will be of great importance to intrested readers to easily identify and go for further research on the plant of their interest. 
Anemarrhena asphodeloides
Liliaceae
